SUMMARY Changes in thyroid hormone concentration and distribution and plasma cortisol levels have been followed in 11 patients undergoing elective cholocystectomy. A significant rise in total and free thyroxine (T4) and fall in total and free triiodothyronine (T3) were noted after surgery. Reverse T3 concentrations rose substantially, suggesting that peripheral conversion of T4 to T3 is diminished and that there is preferential formation of reverse T3. Serum thyroid stimulating hormone concentrations did not change. There was no direct correlation between the change in cortisol and the change in thyroid hormone or reverse T3 concentrations.
Marked changes in circulating triiodothyronine (T3) and reverse triiodothyronine (rT3) have been reported in association with acute and chronic illness and after surgery (Carter et al., 1974; Bermudez et al., 1975 ; Burr et al., 1975; Chopra et al., 1975a; Brandt et al., 1976a; Brandt et al., 1976b; Burger et al., 1976) . There is evidence that these changes result from reduced clearance and possibly an increased peripheral production of rT3 and a reduction in T3 derived from T4 by the peripheral tissues (Burr et al., 1975; Chopra, 1976) . It had been suggested that these changes are a result of increased cortisol secretion since similar changes are seen after the administration of large doses of dexamethasone (Duick et al., 1974; Chopra et al., 1975b; Burr et al., 1976) but this hypothesis has been challenged by a recent study (Brandt et al., 1976b) . It has also been demonstrated that there is reduced binding of thyroid hormones by the transport proteins after surgery (Brandt et al., 1976b) , and earlier studies suggest that this results from a fall in thyroxinebinding prealbumin capacity (Kirby et al., 1973) .
The objective of this study was to confirm the change in thyroid hormone concentration after surgery in relation to plasma cortisol levels and to examine the distribution of thyroid hormone "Present address: Director, The Ciba Foundation, London Received for publication 3 October 1978 between the bound and free fractions in the serum by direct radioimmunoassay techniques.
Patients and methods
During admission for elective cholecystectomy 11 women (age 27-67) were studied. None had any other detectable illness and all were clinically and biochemically euthyroid. All had a peroperative cholangiogram carried out using Hypaque(R) 25 %, and it has been shown previously that this compound is excreted rapidly unchanged (McChesney and Hoppe, 1957) . The observations of Burgi et al. (1976) also suggest that alterations of thyroid function will only occur after oral cholecystography. A record of anaesthetic agents, premedication, and drugs used in the postoperative period was kept on each patient. None of the subjects required a blood transfusion.
A venous blood sample was obtained from each patient the day before operation (day 1), the day of operation (day 2), and daily thereafter. Each sample was assayed for total T4 and T3 (Evered et al., 1976) , free T4 and T3 (Yeo et al., 1977) , rT3 (Ratcliffe et al., 1976) , and thyroid stimulating hormone (TSH) (Hall et al., 1971 ) using specific radioimmunoassays. A thyroid hormone binding test , Radiochemical Centre, Amersham) and plasma cortisol estimation (Mattingly, 1962) were also carried out in each sample. Each sample was obtained at the same time each day (1700 hours). Total T4 values rose after surgery by 11 % cot with the preoperative day. The peak valL reached on day 4, and the value was signil elevated on days 4-6. Total T3 values fell progrc by 33%, reaching their nadir on day 5 an (THYOPAC-3(R)) The Thyopac-3 value fell by 9 on day 3, reflecting a reduction in residual binding capacity. The Thyopac-3 value was significantly depressed from days 2 to 6 (Figure and Table) .
Plasma cortisol concentrations rose promptly after surgery, being at their highest level on the day of operation, and declined progressively thereafter (Table) . There was no direct correlation between the The marked changes in T3 and rT3 concentrations in association with acute and chronic illness and malnutrition and after surgery have been reported by a number ofauthors (Carter et al., 1974; Bermudez et al., 1975; Burr et al., 1975; Chopra et al., 1975a; Brandt et al., 1976a, b; Burger et al., 1976) . These data confirm the findings of other authors with respect to the total hormone concentrations. Recent work (Carter et al., 1976) suggests that the peripheral conversion of T4 to T3 is diminished and that increased amounts of the alternative metabolite (rT3) are formed preferentially. There is growing evidence that more than one enzyme is involved and that there are specific deiodinases for inner and outer ring deiodination. The mechanism by which the peripheral production of T3 is diverted to rT3 remains uncertain. It had been suggested that these changes resulted from an increase in cortisol secretion since similar changes are seen after the administration of large doses of dexamethasone (Duick et al., 1974; Chopra et al., 1975b; Burr et al., 1976) . This view was, however, questioned by Brandt et al. (1976b) , who showed that these changes in thyroid hormone concentrations occurred in patients undergoing abdominal surgery in whom afferent neurogenic impulses were blocked during and after operation by epidural analgesia-and in whom the stress-induced increase in cortisol was abolished. The absence of any temporal correlation between the changes in cortisol and thyroid hormone concentrations also indicates that these latter changes are not dependent upon a stress-induced increase in cortisol secretion. A number of the metabolic responses to surgical trauma are abolished by blocking afferent neurogenic stimuli from the operative field (including the changes in cortisol, glucose, cyclic-AMP, and growth hormone). Other responses, notably catecholamine release, however, are not abolished, and further study is required to identify the mechanisms involved. The physiological advantages and/or disadvantages of these adaptive changes remain obscure.
The rise in T4 conflicts with earlier reports of a small fall in T4 (Burr et al., 1975) and unchanged PBI concentiations (Kirby et al., 1973) but is consistent ,with the use in T4 reported by Brandt et al. (1976a, b) and the increase in T4 production rate reported by Harland et al. (1972) . Similar rises in T4 after surgery under halothane anaesthesia have also been reported by Oyama and his colleagues (1969; 1972) . The physiological significance of these changes remains uncertain.
Free T4 and T3 levels showed qualitatively similar changes after surgery when compared with total T4 and T3. It was noted, however, that the amplitude of the free hormone changes was proportionately much greater than those of the total hormones. These changes indicate that the distribution of these hormones is altered by surgical stress, and it might be expected that they would be accompanied by an increased clearance of T4 from the circulation and a reduced clearance of T3. Changes consistent with this view have been reported postoperatively by Harland et al. (1972) for T4 and in sick euthyroid patients by Carter et al. (1976) for T3. The increase in T4 can be largely attributed to a progressive discharge of T4 from the liver (Harland etal., 1974 
